ABSTRACT
PET/CT in diagnosis and staging of malignant pleural mesothelioma in comparison to CT. Patients and methods: A retrospective study included 21 patients who were subjected to diagnostic CT imaging and 18 F-FDG PET/CT with qualitative and semi quantitative assessment using standardized uptake value (SUVmax). Results: Twenty one patients were reviewed, 14 males (66%) and 7 females (34%). Their age ranged between 30 and 78 years with a mean of 58.2±12.6 years. PET/CT and CT alone showed the primary lesions in 19/21 patients. Two patients showed negative FDG uptake denoting successful response to chemotherapy. PET/CT detected mediastinal lymph node lesions in 6 patients versus 3 patients detected by CT alone. PET/CT identified 9 metastatic lesions compared to only 1 metastatic lesion identified by CT alone. SUVmax was above 3.5 (range=3.6-16) in the entire primary lesions (mean=6.7±4.3) and metastatic lesions. PET/CT accurately upstaged 8 cases and down staged 3 cases. Conclusion: F-18 FDG PET/CT can be used for staging, restaging and assessment of response to therapy and follow up of patients with malignant pleural mesothelioma for detection of metastatic lesions.
INTRODUCTION:
Malignant pleural mesothelioma (MPM) is an uncommon tumor. The clinical presentation of mesothelioma, especially if in early phase, is insidious and not specific. Dyspnea is the predominant symptom, hest pain related to tumor infiltration of chest wall and intercostal nerves also appears [1] .
Staging, assessment of the anatomical extent of MPM, determines treatment and prognosis is mandatory for selecting the relatively few patients who are candidates for intended curative surgery by extrapleural pneumonectomy (EPP). Various imaging techniques have been utilized to stage MPM, which is difficult to evaluate radiologically because of its tendency to grow locally along tissue planes. Computed tomography (CT) and magnetic resonance imaging (MRI) are helpful in identifying the location and extent of the involved area [2] . However, these imaging techniques often fail to detect non-resectable tumor invasion in the chest wall, mediastinal structures or the diaphragm
Approximately 20-30% of MPM patients have exploratory thoracotomy or pleurectomy/ decortications only because the staging procedures underestimate the extent of tumor spread.
Improved methods for determining resectability are thus needed in addition to standard radiological methods [4] .
Combined PET/CT devices provide both the metabolic information from 18 F-FDG PET and the anatomic information from CT in a single examination. .
PET appears to be a useful imaging modality for the evaluation of malignant pleural mesothelioma. It is particularly valuable for distinguishing between benign and malignant pleural processes. In MPM, preliminary data indicate that 18 F-FDG/PET provides important functional data for a correct staging and restaging, integrating morphological results of CT. This is important to the therapeutic approach, in order to improve prognosis [8] .
The aim of this study was to review the clinical role of 18 F-FDG PET/CT in diagnosis and staging of malignant pleural mesothelioma and its diagnostic accuracy compared to diagnostic CT.
PATIENTS AND METHODS:
A 
F-FDG PET/CT imaging
PET/CT was performed on an integrated scanner (Philips; 64 slice CT) that combines both CT and PET capabilities in two sequential gantries leading to accurate co-registration of the CT and PET data. Patients were fasting for at least 6 hours before the PET/CT study. PET images were acquired during normal breathing in the three-dimensional mode for 4 minutes per bed position 60 minutes after intravenous administration of 0.1 mCi 18 F-FDG /Kg. PET images are reconstructed by using standard reconstruction algorithm Ordered Subsets -Expectations Maximization (OSEM). Attenuation correction of PET images is performed by using attenuation data from the low dose CT component of the examination; emission data are corrected for scatter, random events and dead-time losses by using the manufacturer's software. Interpretation of PET/CT scans were done independently by 2 experienced physicians blinded to the clinical situation and any disagreement was resolved by consensus. PET and fused PET/CT images were analyzed both qualitatively and semi quantitatively.
Qualitative evaluation: A visually abnormal focus of FDG uptake was defined as a focal uptake relatively higher than that of surrounding tissue with no similar activity seen in the contra lateral side of the body. Quantitative evaluation: The intensity of FDG uptake within specific lesion is calculated by using a volume of interest over the lesion, according to the following formula: SUVmax = maximum measured activity in the volume of interest divided by the injected dose of 18 F-FDG per gram of body weight where SUV = standardized uptake value. A cutoff SUVmax value ≥ 3 was considered malignant
.
The CT component of the study comprises a multi-detector CT examination from the base of the skull to the upper thighs (120 mA, 140 kVp, table speed = 13.5 mm per rotation). CT images were also used for attenuation correction of the PET images.
Statistical analysis
In view of the small number of patients, descriptive statistical methods using Microsoft excel version 2010 was used.
Comparison of results of PET/CT with CT alone was done on both patients and lesions basis.
RESULTS:
Twenty one patients with histologically proven malignant pleural mesothelioma (MPM) were reviewed (18 patients were proved to have epitheliod subtype and 3 patients had sarcomatoid subtype). Their age ranged between 30 and 78 years with a mean of 58.2±12.6 years. Fourteen patients had right sided mesothelioma and 7 patients had left sided lesion. Figure 1 ).
All SUVmax values in the 19 patients with positive FDG uptake were above 3.5 with a mean of 6.7±4.3 (range=3.6-16). It was noted that primary lesions with higher pathologic stages showed higher values of SUVmax ( Lesions with higher SUVmax were associated with other loco-regional and metastatic lesions; however, a nonsignificant statistical correlation was detected. 
DISCUSSION:
Computed tomography (CT) continues to be the primary and initial imaging modality. Magnetic resonance imaging (MRI) complements CT scan and is superior in determining chest wall and diaphragmatic invasion. 18 F-FDG PET/CT provides anatomic and metabolic information and is superior to both CT and MRI in overall staging and monitoring response to therapy .
From the available data, the major role of PET-CT at present appears to be in the preoperative disease staging, response to treatment assessment, and post-treatment disease surveillance of MPM. In all these three areas, PET-CT convincingly shows better results than conventional anatomical imaging alone and thereby can aid in exploring novel therapeutic approaches. Disease prognosis and radiotherapy planning are evolving areas where this modality has demonstrated significant promise, but this needs further investigation .
In the current study, high detectability of locoregional lesions in 4 patients (21%) and distant lesions in 8 patients (42%) was also noted.
Zahid et al. evaluated 14 study groups with malignant pleural mesothelioma and showed that FDG-PET is superior to MRI and CT but inferior to PET/CT, in terms of diagnostic specificity, sensitivity and staging of MPM. Lymph node metastases were detected with higher accuracy (80% vs. 66.7%) than that with CT. CT-guided needle biopsy definitively diagnosed MPM in (100% vs. 92.9%) than PET/CT. Overall, the high specificity and sensitivity rates seen with open pleural biopsy make it a superior diagnostic modality to CT, MRI or PET for diagnosing patients with MPM [15] .
Based on the number of lesions detected by PET/CT and CT in the present study, we demonstrated that PET/CT had higher sensitivity than CT in detecting MPM lesions especially intrathoracic (mediastinal) lymph nodes and extrathoracic metastasis. So, PET/CT helped in restaging of 11/19 patients as it upstaged 8/19 patients (42%) and downstaged 3/19 patients (16%).
In the present, we noted that primary MPM lesions with higher pathologic stages were associated with additional loco-regional and metastatic lesions. This could explain the relatively higher values of SUVmax among these lesions likely due to the presence of higher metabolic activity. In such pilot study, we concluded that 18 F-FDG PET/CT should be considered as an excellent noninvasive diagnostic test for malignant pleural mesothelioma (MPM). It showed higher diagnostic accuracy in detection of primary lesion, mediastinal lymph nodes and extrathoracic metastasis. It can be also used for staging, restaging, monitoring response to therapy and follow up of patients with malignant pleural mesothelioma.
